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(54) Abstract Title: Mono - diameter wellbore casing 

(57) A tubular structure positioned in a borehole within 
a subterranean formation comprises a first tubular 
member 115, and a second tubular member 210 
coupled to and overlapping with the first member 
1 1S, the second tubular member being coupled to 
the first by the process of installing the second 
tubular member 210, an expansion cone 205, and a 
shoe 215 that defines an interior region for 
containing fluidic materials in the borehole, radially 
expanding at least a portion of the shoe 215 by 
Injecting a fluidic material into the shoe, and 
radially expanding at least a portion of the second 
tubular member 210 by injecting a fluidic material 
into the borehole below the expansion cone. TTie 
expanded tubular member has the same inner 
diameter as the non-overlapping portion of first 
(pre-existing) tube 115 after expansion. The 
procedure may be repeated with further tubes 210. 
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.^JyaONO-DIAMETER WELLBORE CASING 
Cross RefersncG To Retated Appllcstions 
This application is a continuation-in-part of U.S. isUlity application serial number 
09/454.139, attorney docket number 25791.3.02, filed on 12/3/1999, which claimed the 

5 benofit of the filing date of U.S. provisional patent application serial number 

60/111,293, attorney docket number 25791.3, filed on 12/7/1998, the disclosures of 
tfl^ich are incorporated herein by reference. 

This appliratton is related to the foitowing: (1) U.S. patent application serial no. 
09/454,139. attormy docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent 

1 0 application serial no. 09/51 0,91 3, attorney docket no. 25791 .7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338. attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial 

15 no. 09/512,895, attorney docket no. 25791 .12.02. filed on 2/24/2000, (7) U.S. patent 
applic^on serial no. 09/51 1 ,941 , attonney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 08/588,946, attorney docket no. 25791 .17.02, filed 
on 6/7/2000, (9) U.S. patent appHc^tton serial no. 09/559,122, attorney docket no. 
25791.23.02, filed on 4/26/2000, (10) PCT patent appllcatton serial no. 

20 PCT/USOQ/18835, attorney docket no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. 

provisional patent application s^ai no. 60/162,671, attorney docket no. 25791.27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney 
docket no. 25791 .29, filed on 9/16/1999^ (13) U.S. provistonal patent applteation serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 

25 provbtonal patent application serial no. 60/1 59,039, attorney docket no. 25791 .36, filed 
on 10/12/1999, (15) U.S. provistonal patent applteaUon serial no. 60/159,033, attorney 
docket no. 2579i:37, filed on 10/12/1999. (16) U.S. provistonal patent application serial 
no. 60/212.359, attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. provistonal 
patent application serial no. 60/165,228, attorney docket no. 25791 .39, fil^ on 

30 1 1/12/1999, (1 8) U.S. provisional patent appllcatton serial no. 60/221 .443. attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial 
no. 60/221,645, attorney dcx:ket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233,638, attorney docket no. 25791.47. filed on 
9/18/2000. (21) U.S. provisional patent appllcatton serial no. 60/237,334. attorney 

35 docket no. 25791 .48, filed on 10/2/2000, and (22) U.S. provistorial patent application 
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serial no. 60/262,434, attomay docket no. 25791 .51 , filed on 1/17/2001 . the disclosures 
of ^ich are incorpoFated herein by referenosi. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
5 ^ngs that are formed using e^tpandable tubing. 

Conventionally, when a v^llbore is created, a number of clings are installed in 
the borehole to prevent collapse of the borehole \sm\\ and to prevent undeslred outflow 
of drilling fluid into the forrraition or inftow of fluid from the fbrmation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 

10 borehole interval Is lowered through a prevtously installed ^Ing of an upper borehole 
interval. As a cons(^uence of this procedure the casing of the lower interval is of 
smaller diameter than the (^ing of the upper Inten/al. Thus, the casings are in a 
nested arrartgement with casing diameters decreasing in downward doreciion. Cement 
annuli are prtavided between the outer surfeoss of the casings and the borehde wall to 

15 seal the (sisings from the borehole wali. As a consequence of this nested arrangerrtent 
a relatively large borehole diianrteter requined at the upper part of the wetlbore. Such 
a large borehole dianrteler involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required oenrtent pumping, 

20 cement hardening, required equipment changes due to large variattons in hole 

diameters drilled In the course of the well, and the large volume of cuttings drilled and 
removed. 

The present inventton is directed to overcoming one or more of the limitations of 
the existing proosdures for forming new sections of osirig In a welibore. 
25 Surrmary of the Invention 

According to one aspect of the present invention, an apparatus for forming a 
welibore (^ing in a borehole touted in a subterranean fbrmatton including a 
pr^idsUng welibore casirtg is provided that includes a support member induding a first 
fluid passage, an esqpansbn cone coupled to the support member including a second 
30 flutd passage fiuididy raupled to the first fluM passage, an e}tpandable tubular liner 
movably (»upled to the expansion oone, and an expandable shoe poupii^ to the 
expandable tubular liner. 

According to another aspect of the present Invention, a shoe is provided that 
includes an upper arinular portk>n, an intermediate annular portion, and a lower annular 
35 portion. The interrrtediate annular portion has an outer circumference that is larger 
than the outer drcumferenoss of the upper arid lower annular portions. 
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According to another aspect of the present invention, a method of forming a 
wellbona casing in a subterranean fonr^tion having a preexisting wellbora casing 
positioned in a borehole provided that Includes instaiting a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic rtiaterteil into the shoe, and radially expanding at least a portion of the 
tubular liner by irijec^ng a fluidic nriateriai into the borehole below the expansion cone. 

According to another aspect of t{^ present invention, an apparatus for fonming 
a \;^llbo(re rasir^ in a subterranean tonmatkm having a preexisting wellbore casing 
positioned in a borehole is provided that Includes means for installing a tubular liner, an 
10 expansion rone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means tor radially esqpanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for fbrmirtg 
a v^llbore casing within a subterranean formation Including a pn^xisting wellbore 

1 5 (Sising positlor^ in a borehole is provided that Includes a tubular liner, and rvteans for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexistirtg mllbore osing. The inside diamaier of the radially expanded tubular liner 
is substfihUaily equal to the inside diameter of a non-overlapping pc»rtlon of the 
preexisting ^Ibore casing; 

20 According to another aspect of the present invention, a v^llbore casing 

positioned in a borehole withbi a subtenranean formation is provided that includes a first 
\fifellbore casing, and a second wellbore casing coupled to and overlapping with the first 
^llbore casing. The second wellbore casing is coupled to tiie first wellbore casing by 
the process installing ttie second ^ibore casing, an expansion cone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material Into the shoe, and radially expanding at least a portion of the second vifeHbore 
rasing by injecting a fluicflc rnaterial Into the borehole beio^ 

According to anotiier aspect of the present invention, a msttiod of fbrming a 
tubular struc^re In a subterranean fbrntaticn having a preexisting tutnilar memt^er 

30 positioned in a borehole ^ provided that includes Installing a tubular liner, an expanstori 
com, and a shoe In the borisihole, radially expanding at least a portion of the shoe by 
Injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic matorial into tiie borehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for forming 

35 a tubular structure in a subten^nean formation having a preexisting tubular member 
posittoned in a borehole provided that includes means for installing a tubular liner, an 
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e)cpan$k>n Gone, and a sh08 in the borehde. 

pc^tion of tho shoa. and means for radially expanding at least a portion of the tubular 
liner. 

Acoording to another aspect of the present inventicm, an apparatus for forming 
5 a tubular staicture within a subtenanean fonnation including a preeidstir^ tubular 
msmbsr positioned in a borehole is provided that includes a tubular liner and means for 
radially estpanding and ooupling the tubular liner to an overlapping portion of the 
pnmisting tubuBar member. The Inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 
10 preexistir^ tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole within a subterranean formation is provided that includes a first 
tubular member and a second tubular member coupled to and overlapping with the first 
tubular member. The second tubular rr^mber Is coupled to the first tubular member by 
IS the process of: installling the second tubular member, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of the shoe by injeding a fluidic 
material info the shoe, and radially expanding at least a portion of the second tubular 
msmber by Inje^ng a fluidic material into the borehole below the expansion cone. 

Brief D^cription of the Drawings 
20 FIG. 1 1s a fre^mentary cross-eecUonal view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-secUonal view illustrating the placement of an 
embodiment of an apparatus for creating a mono-diameter wellbore casing within the 
nevy section of the welD borehole of FIG. 1 . 
25 FIG. 2a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a oross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-sectional view of another portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2c. 
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FIG. 3 is a frBgrnentary cross-secfonal view illustrating tho injectcon of a 
hardenablQ fluidlc sealing material through the apparatus and into the new section of 
the well bor&hoie of FIG. 2. 

FIG. 3a Is a crK^sectional vievy of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FfG. 4 isf a fragmentary cross-sectional view illustrating the injectton of a flukiic 
material into the apparatus of FIG. 3 in order to fluididy isolate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a pc^on of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG^ 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the towering of the e):pandabie 
expansion com into the rBdially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 Is a cross-seciional view Illustrating the e]cpansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 Is a cross-sectional view Illustrating the injection of fluidlc material Into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view Illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectkmal view Illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 0. 

FIG. 1 1 is a cross-sectional view illustrating the formation of a nrx)no-dianrteter 
wellbore casing that Includes a plurality of overlapping mono-diameter wellbone 
casings. 

FIG. 12 is a fragmentary cross-sectional view Illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a rnono-dbmeterv^llboroc^si^ 
within the wellbore of FIG. 1 . 

FIG. 12a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FOG. 12. 
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FIG. 12c is a cross-sectional view of isinother portion of the shoe of the 
apparatus of FIG. 12. 

FIG. 1 2d is a cross-sectional view of another portion of the shoe of th^ 
apparatus of FIG. 12. 
5 FOG. 1 3 is a fragmentary cross-sectional view illustrating the injection of a 

hardenable fiuidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 12. 

FIG. 1 3a is a cross-s^rtional view of a portion of the shoe of the apparatus of 
FIG. 13. 

1 0 FIG. 1 4 is a fragmentary cross-secb'onal view illustrating the injection of a fluMic 

material into the apparatus of FIG. 13 in order to fluidicly isolate the interior of the shoe. 

FIG. 14a is a cross-secttonai view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 1 5 is a cross-sectiohal view illustrating the resdial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the loi^ring of the eitpandable 
expansion cone into the radially expanded shoe of the appmtus of FIG. IS. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 1 8 Is a cross-sectionai view illustrating the irijecOon of fiuidic material Into 

the rEdiaily expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-sec&onal view lilustraUr^ the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 Is a cross-sectionai view aiustrating the removal of the bottom portion of 
25 theradiallyexpandedshoeoftheapparatusof FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Referring initially to FIGS. 1 , 2, 2a. 2b, 2c 2d, 2e, 3. 3a, 3b, 4, 4a, 4b. and 5- 
10, an embodiment of an apparatus and method for fbrmlr^ a rnono-dianrteter wellbora 
casing within a subtenanean formation v^ll now be described. As illustrated in Fig. 1 . a 
30 wellbore 100 Is position(^ In a subterranean formation 105. The weilbore 100 includes 
a prenaxisting cased section 1 10 having a tubular casing 1 15 and an annular outer 
layer 120 of a fiuidic sealing material such as, for example, cement The weilbore 1 00 
may be positioned in any orientatbn from vertical to horizmtai. In several alternative 
embodiments, the pre-existing cased section 110 does not include the annular outer 
35 Iayer120. 



1 



7 

In order to extend the wellbore 100 Into the subterranean fonnatton 105. a drill 
string 125 is used In a v^ll known manner to drill out material from the subterranean 
fomriafion 1 05 to fomi a new wellbore section 1 30. In a preferred embodiment, the 
InsWe diameter of the new wellbore section 1 30 is greater than the inside diameter of 
5 the preemting wellbore (3slng 1 1 5. 

As illustrated in FIGS. 2. 2a, 2b, 2c 2d. and 2e, an apparatus 200 for forming a 
wellbore casing in a subterranean fomfiation is then positioned in the new section 130 
of the weiibcre 100. The apparatus 200 preferably includes an eicpanslon cone 205 
having a fluid passage 205a that supports a tubular member 21 0 that includes a lower 

10 portion 210a, an Intermediate portion 210b. an upper portion 210c. and an up^^ 
portion 210d. 

The expansion cone 205 may be any number of conventional commercially 
available eicpansion cones. In several alternative embodimente. the e)tpansion cone 
205 may be controilably eicpandable in the radial direction, for example, as disclosed in 
15 U.S. patent nos. 5,348.095, and/or 6,01 2,523. the disclosures of which are 
incorporated herein by raterenos. 

The tubular msmb^ 210 nr^y be ffiabricated from any number of conventional 
commercially available maleriats such as» for example, Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a preferred 
20 embodiment, the tubular member 210 is feibricated from OCTG in order to nmlmize 
strer^ after ^cpansion. In several sritemtaUve embodimente, the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 is preferably limited to between about 40 to 20.000 feet in 
length. 

25 The lower portion 210a of tfie tubular member 210 preferably has a larger 

Inside diameter than the upper portion 210c of the tubular nr^ber: In a preferred 
embodintent the wall thidcness of the intermedliate portion 210b of the tubular member 
201 is less than the wall thidmess of the upper portion 210c of the tubular member in 
order to facUltete tiie Initiation of the radoal expansion process. In a preferred 

30 embodiment, ttie upper end portion 21 Od of the tubular member 21 0 is slotted, 

perforated, or etherise rrnxjifled to ratch or slow down the expansion cone 205 when 
It completes the extrusion of tubular member 210. in a prefemsd embodiment, wall 
thickness of the upper end portion 210d of the tubular member 210 is gradually tapered 
in order to gradually reduos ttie required radial expansion forces during the latter 

35 sts^ of the radial expansion prooass. In this ntanner. shock loading conditions 
during the latter stages of U)e radial expanston process are at least minimized. 
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A $hc8 215 is coupled to the lower portion 210a of the tubular memt^ar. The 
shoe 213 includes an upper portion. 215a, an Intermediate portion 215b. and lower 
portion 21 5c having a vaiveable fluid passage 220 that Is preferably adapted to neoelve 
a plug, dart, or other similar element for controllably sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 may be optimally sealed off by Introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c, of the shoe 215 are preferably 
substsmtially tubular, and the Intermediate portion 215b of the shoe is preferably at 
least partialiy folded inwardly. Furthemaore, in a preferred embodiment, when the 

10 intemrxedteit® portion 215b of the shoe 215 is unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intermediate portion are preferably both greater than the inside and outside diameters 
of the upper and lower porttons, 215a and 215c. In this manner, the outer 
drcurvtference of the intemriediate portion 215b of the shoe 215 is preferably greater 

15 than the outside dncumferences of the upper and lower portions, 215a and 215b. of the 
shoe. 

In a preferred embodiment, the shoe 21 5 fiarther includes one or more through 
and sikte outlet ports in fMdic communication with the fluid passage 220. in this 
nnanner, the shoe 215 optimally injecte hardenable fluidic sealir^ rv^rterial into the 

20 r^ionoutsid® the shoe 215 and tubular nuember 210. 

In an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
Gxpanston cone 205 for supporting the apparatus 200. The fluid passs^ 225a Is 
prisfeireibly fluidldy coupled to the fluid passage 205a. In thb manner, fluidic nrtaterials 

25 may be convi^^ to and from the region 230 below the estpanslm cone 205 and above 
the bottom ofthe shoe 215. The fluid passage 225b is preferably fluidldy coupled to 
the fluid passage 225a and tndudes a ponvenUonal eontrd valve. In thismanner, 
during pteoement of the apparatus 200 within the wellbore 100, surge pressures can be 
rteiieved by the fluid passage 225b. In a prefiarnad embodiment, the support member 

30 225 further indudes one or rnore conventional osntraiizers (not IDustrated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100. the fluid 
passage 225a Is preferably selects to transport materials such as, for example, drilling 
mud or fomriation fluids at flow rates and pressures ranging from about 0 to 3.000 

35 gailona/mlnuto and 0 to 9,000 psi iri order to minimize drag on the tubular member 
being run and to minimize surge pressures eiterted on the wellbore 130 which oould 
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cause a loss of walibore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbors 100. the fluid passage 225b Is preferably selected to 
convey fluldic materials at flow rates and pressures ranging from about 0 to 3.000 
galions/minute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 
5 during insertion into the new section 130 of the wellbore 100 and to minimise si^ 
pressures on the new wellbore section 1 30. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 23@ prsvents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 nnay be any 

10 number of conventional commsrclally available cup seals such as. for e^tample. TP 
cups, cr Seledlve Injection Padcer (SIP) cups modified In accordance with the 
teachings of the present disclosure. In a preferred embcdinrtent, the cup seal 235 Is a 
SIP cup seal, available from Halliburton Energy Services in Dallas, TX In order to 
optimaliy block foreign raterial and contain a body of lubricant In several aKemative 

1 5 embodiments, the cup 235 may include a plurality of cup seals. 

One or more sealing mernbers 240 are preferably coupled to arM^ supported by 
the exterior surface of the upper end portton 210d of the tubular member 210. The 
sealir^ members 240 preferably provide an overiapping joint bet^ji^n the lower end 
portion 115a of the casing 115 and the upper end portion 21l0d of the tubular member 

20 210. The sealing members 240 rr^ be any nurriber of cc^^ 

available seals such as. for example, lead, rubber, Teflomor epoxy seals modified In 
acoordmce with the teachings of the prasent disdosurs. Dn a preferred embodiment, 
the sealing members 240 ara moM^ from Stralalock eposQf available from Halliburton 
Energy Servicas k\ Dallas, TX in order to optirrailly provide a load bearing interferanoe 

25 fit between the upper end portion 210d of the tubular member 210 and the lower end 
portion 1 1 5a of the exlstir^ casing 115. 

In a prefisnred emtKKilmsnt, the sealing members 240 are selected to optimally 
provide a sufficient fridtonal fores to support the expanded tubular member 210 from 
the eidsting casing 115. In a preferred embodlm^t. the fricUonal force optimally 

30 provided by the sealing membsrs 240 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubular member 21 0. 

In an aitomative embodiment, the sealing members 240 are omitted from the 
upper end portion 21 Od of the tubular member 210, and a load bearing metal-to-metal 
interference fit is provided between upper end portion of the tubuEar member and the 

35 lower end portion 1 1 5a of the exisUrig (ssiong 1 1 5 by plastimlly deforming and radially 
expanding the tubular member into oontaci with the exiting <^ng. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
Rsglon above the expansion cone 205 within the Interior of the tubular member 210. In 
this manner, the ejrtnjsion of the tubular menrtber 210 off of the expansion cone 205 is 
fedlitated. The lubricant 245 may be any number of ram^^ntional commercially 
5 available lubricants su(*i as, for eieimple, Lubriptete&lorine based lubrirants, oil 
based lubricants or CllmaK 1 500 Antisieze (31 (»). In a prefemsd embodiment, the 
lubrirant 245 is Qimax 1500 Antisieze (3100) available from Climax Lubricants and 
Equlpnrvent Co. in Houston, TX In order to optimally provide optimum lubrication to 
mutate the estpansion process. 
10 In a prefsnred embodiment, the support member 225 Is thoroi^hty cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the apparatus 200 is minimid^ed. This minimizes the 
possibility of foreign material dogging the various flow passages and valves of the 
appariatus 200. 

15 In a prefenned embodiment before or after positioning the apparatus 200 within 

the new section 130 of the vvellbore 100, a couple of wollbore vdunnes are circulated in 
order to ensure that no forsign materials ans located within the wellbore 1 00 that might 
dog up the various flow passages and virives of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a pnsferred embodiment, during placement 

of the apparatus 200 within the wellbore 100. fluidic materials 250 within the wellbore 
that are displaced by the apparatus are at least i^ally conveyed through the fluid 
passages 220, 205a, 2^, and 225b. in this manner, surge pressures created by the 
placement of the apparatw within the weiibone 100 are reduced, 

25 As illustrate In FIGS. 3, 3a, and 3b, the fluid passage 225b Is thm closed and 

a hardenable fluidic sealing material 255 is then punmped from a surface location Into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior r^ion 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes frwn the interior region 230 Into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and Alls an annular region 260 
between the exterior dt the tubular member 210 and the interior walll of the new section 
130 of the weilbore 100. Continued pumping of the material 255 causes the nriaterial to 
fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 

35 and flow rafessrangirtg, for example, from about 0 to 5000 psi and 

gallons/rviln, respectively. The optimum flow rate and operating prassuB^s vary as a 
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funcOon of the casing and wyellbore sizes, wellbore secUon length, availatjle pumping 
equipment, iand fluid properties of the fluidlc material b&ing pumped. The Optimum flow 
rate and operating pressure are preferably detemUned using conventional empirical 
methods. 

5 The hardenal)Ie fluidlc sealing material 255 may b9 any numlwr of conventional 

commercially available hardenable fluldic sealing materials such as, for example, slag 
mbt, cement, latex or epoxy. In a preferred embodiment, the hardenable fluidlc sealing 
material 2i55 is a bl^rtded cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas. TX In order to provide optimal 

10 support for tubular member 210 while also maintaining optimum flow/ chara^ 

as to minimize difRculties during the displacement of cement in the annular r^ion 260. 
The optimum blend of the blended cement is preferably determined using conventional 
empWral methods. In several altemative embodiments, the hardenable fluldic sealing 
material 255 is oomprssslblo before, during, or alter curing. 

15 The annular region 260 preferably Is filled with the matsrial 255 in suffldent 

quantlttas to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an altemative embodiment, the irijection of the material 255 into the annular 

20 region 260 is omitled, or is provided after the radtal expansion of the tubular member 
210. 

As mustratfid in FIGS. 4, 4a, and 4b. once the annular region 260 has been 
adequately filled with the nnatarial 255, a plug 265, or other similar device, is introduced 
into the fluid passage 220. thereby fluldidy Isolating the Interior region 230 from the 

25 annular n^lon 260. In a preferred embodiment a non4iarderable fluldic material 270 
is then pumped Into the interior region 230 causing the interior n^km to pressurize. In 
this n^ner. the interior region 230 of the expanded tubular member 210 wlll not 
contain significant amounts of the cured material 255. This also reduces and simplifies 
thsco8tofthe®ntiraproos8s. Mematively, the material 255 may be used during this 

30 phase of the process. 

As illustrated In FIG. 5. in a prefsrred embodiment, the continued Injection of 
the fluidlc material 270 pressurizes the region 230 and unfolds the Intennediate portion 
215b of the shoe 215. In a preferred embodiment, the outside diameter of the unfolded 
IntennediatB portion 21 5b of the shoe 21 5 is greater than the outside diairotor of the 

35 upperand lower portions. 215a and 215b. of the shoe. In a preferred embodiment, the 
inside and outside dianm^ra of the unfOlded Intermediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 21 5a and 21 5b, of the shoe. In a preferred emtKXiiment, the inside diameter 
of the unfolded intennediate portion 21 5b of the shoe 215 Is substantially equal to or 
greater than the inside diameter of the pree^dsting casing 1 15 in order to optimally 
5 feicilitate the fomnation of a mono-diameter wellbore casing. 

As illustrated in FIG. 8, in a prefemed embodiment, the expanston cone 205 is 
then tommi Unto the unfolded intermediate portion 215b of the shoe 215. In a 
preferred enribodiment, the eKpansion cone 205 is ioi^red into the unfolded 
intermediate portion 215b of the shoe 215 until the bottom of the eitpansion cone is 
10 prorfrrrate the kmer portion 21 5c of the shoe 215. In a preferred embodiment, during 
the teiR©ring of the expansion cone 205 into the unfolded Intermediate portion 215b of 
the shoe 21 5, the material 255 within the annular region 280 and/or the bottom of the 
^llbore section 130 maintains the shoe 215 in a substantially stationary position. 

As illustrated in FIG. 7, in a preferred embodiment, the outside diameter of the 
IS ^^pansion cone 205 is then Increas^^ In a preferred eirlbodimentp the outside 
diameter of the escpansion cone 205 Is increased as disclosed in U.S. patent nos. 
5,348.(»5, and/or 6,012.523, the disclosures of vifhich are incorporate herein by 
reference. In a preferred embodiment, the outside diameter of the radially e^tpanded 
expansion cone 205 is substantially equal to the inside diameter of the prsexisting 
20 v»ellbore(»slng 115. 

In an aitemative embodinftent, the expansion cone 205 is not lowered Into the 
radially expanded portion of the shoe 215 prtor to being radially expanded. In this 
manner, the upper portion 210c of the shoe 210 may be radially expanded by the radial 
expanston of the expansion cone 205. 

25 In another alterriatlveenibodiment, the expansion cone 20^ 

expanded. 

As Illustrated in FIG. 8, in a preferred embodiment, a fiuidic material 275 is then 
injected into the n^ion 230 through the fluid passages 225a arid 205a. In a preferrsd 
embodiment, once the interior r^ton 230 tooomes suRidentty pressurised, the upper 

30 portion 215a of the shoe 215 and the tubular member 210 are prefierably plastically 
deformed, radially expanded, and extruded off of the expansion oor^ 205. 
Furthermore, in a prefenred embodiment, during the end of the radial expansion 
proosss, the upper portion 21 Od of the tubular member and the \cm&r portion of the 
preexisting casing 115 that overlap with one another are simultaneously plastically 

35 defomted and radially exparxJed. Iri this manner, a ntono-diameter wellbore casing 
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may be formed that includes the preestisting wellt)ore casing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, the eicpanslon cone 205 may be raised out of the 
e^cpanded portion of the tubular member 210. In a preferred embodiment, during the 
5 extrusion process, the expansion cone 205 is raised at appn»dmately the same rate as 
the tubular member 210 is expanded in order to keep the tubular member 210 
stationary relative to the new vifellbore section 1 30. In this manner, an overlapping Jolril 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally formed. In an alternative preferred 

1 0 embodiment, the expansion cor^ 205 is rraintained in a stationary position during the 
extrusbn process thereby allowing the tubular member 21 0 to extrude off of the 
expansion con® 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a preferred embodiment, vi^en the upper end portion 21 Od of the tubular 

15 member 210 and the Cower portion of the preexisting raslr^ 115 that overlap with one 
another are plastically deformed and radially expanded by the expansion cone 205, the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressuna ^;^in the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

20 The overlapping jdnt between the lower pc^ti^ 

and the radially expanded tubularmember 210 preferBbly provides a gaseous and 
fluidic seal. In a particularly preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping Joint. In an altanrath^ 
embodiment, the sealing members 245 are omitted. 

25 In a prelierred embodiment, the operating pressure and flow rate of the fluidic 

mateiial 275 is oontrollably ramped down when the expansion cone 205 riches the 
upper end portion 210d of the tubular member 210. In this rmnner, the sudden release 
of pressure caused by the complete extnislon of the tubular member 21 0 off of the 
expansion cone 205 an be minimized. In a prefenred ernbcdjrnent, the operating . 

30 pressure is reduced in a substanttetlty linear feshton from 100% to about 10% during 
the end of the extrusion process beginning when the expansion oone 205 is within 
about 5 feet from rampletion of the extrusion prooass. 

Alternatively, or in combination, the wall thickness of the upper end portion 
21 Od of the tubular menriber is tapered in order to gradually reduos the required 

35 operattng pressure for plastically deforming and radially expanding the upper end 
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portion or the tubular member. In this manner, shock loading of the apparata^ is at 
least reduced. 

Alternatively, or in combination, a shock absorber Is provUed in the support 
membsr 223 in order to absorb the shock caused by the sudden release of pressure. 
5 Th© 8htw^( absortjer may comprise, for example, any conventional oommerdally 
available shock absorber, bumper sub, or Jars adapted for use in \»ellbore operations. 

Attematively, or in combination, an expansbn cone catchir^ structure is 
provide in the upper end portlion 210d of the tubular member 210 in order to catch or 
at least decelerate the eitpansbn cone 205. 
10 In a prefermd embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and friction efJects upon the tubular member 210 during the expansion process. 
These ©ffe^ m\\ be depend upon the geometry of th© ejcpanslon cone 205, the 
material composition of the tubular member 210 and e)cpanslon cone 205, the inner 
diameter of the tubular member 21 0, the wall thickness of the tubular nr^mber 21 0, the 
15 type of lubricant, and the yseld strength of the tubular rr^mber 21 0. In general, the 
thktor the wall thickness, the smaller the inner diameter, and the greater the yield 
strer^ of the tubular member 210. then the greater the operating pressures required 
to exlnjde the tubular member 21 0 olf of the expansion cone 205. 

For typk^l tubular members 210. the exiruston of the tubular member 210 off of 
20 the enimston cone 205 ^11 begin when the pressure of the interior regton 230 
reaches, fbr example, approximately 500 to 9,000 psi. 

During the extrusion prcoess, the expanston cone 205 may be rabed out of the 
expanded portton of the lubuiar member 210 at rates ranging, for example, from about 
OtoSfl/sec. in a preferri^embodinrient during the extruston process, the exp^ 
25 cor» 205 is raised out of the expanded portion of the tubular member 210 at rates 
rar^ing from about 0 to 2 fl/sec in order to minimize the time required for the expansion 
process while also permitting easy control of the expanston process. 

As Illustrated in FIG. 9, onoa the extruston process Is completed, the expanston 
rane 205 is removed from the wellbore 100. In a preferred embodiment, either before 
30 or after the renxoval of the expanston cone 205, the integrity of the flukJIc seal of the 
overlapping Joint between the upper end portton 21 Od of the tubular member 210 and 
the to^ end portion 1 15a of the preexisting wellbore rasir^ 1 15 is tested using 
conventtonal methods. 

In a prefernsd embodirmnt, if the flukiic seal of ttte overtapplr^ joint between 
35 the upper end po(rtton210d of the tubular mernber 210 and the lower eriidpo^ 

of the casing 1 1 5 is satisfactory, then any uncursd portton of the nmateriai 255 within the 
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expanded tubular member 210 is then removed in a conventional manner such as. for 
example, circulating the uncured material out of the Interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the vvelltore section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to driH 
out any hardened material 255 within the tubular member 210. in a proforred 
embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As lltustTBted in FIG. 10, the bottom portion 215c of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The welibore 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
extended portion off the welibore 100 is greater than the inside diameter of the radially 
expanded ehca 215. 

As Blustrated In FIG. 11, the method of FIGS. 1-10 may be repeatedly 
performed bi order to provide a momnliameter weHbore casing that includes 
overlapping wellboie casings 115 and 210a>210e. The weilbore casing 115, and2f0a- 
21(teprefi8rably include outerannulariayersoffluldlcseaHng material. Altemaavely, 
th® outer annular layers of fluidlcseaNng material may be omitted. In this manner, a 
mowHiiameter welibore casing may be formed within the subtenanean formation that 
extends for (ens of thousands of foet fttore generally stffl. the teachings of FIGS. 1-11 
may be used to torn a mon&<flameter weUbore <»slng. a pipsHna. a structural support, 
or a tunnel within a subtenanean fbnnation at any orientation from the vertical to the 
horizontal. 

In a prefisrved embodiment, the fomialion of a moncHilamster weUbors casing, 
as illustrated in FIGS. 1-11, Is lurther provided as disclosed In one or more off the 
following: (1 ) U.S. patent application serial no. 08/454.130, attorney docket no. 
25791.03.02, filsd on 120/1699, (2) U.S. patent appHcalion serial na 08^10.913. 
attorney docket no. 25791 .7.02, filed on 2Q3/20C0, (3) U.S. patent application serial 
no. 0W502,350. attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U;S. patent 
appJi<»tion serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999. 
(5) U.S. patent applicatiafi serial no. 08/523,480, attomey docket no. 25791 .11 .02, filed 
on 3/10/2000, (8) U.S. patent application serial no. 09/512.895, attomey docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/511.941, 
attorney docket no. 25791.18.02, filed on 2«4/2C00, (8) U.S. patsnt application sorlal 
no. 08/588.949. attomey docket no. 25791.17.02. filed on 8/7/2000. (9) U.S. patsnt 
appGcafion serial no. 09/559.122. attorney docket no. 25791.23.02. filed on 4/28/200a 
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(10) PCT patent application serial no. PCT/USOO/18635, attorney docket no. 
25791 .25.02. filed on 7/W2000, (1 1 ) U.S. provisional patent application serial no. 
60/162.671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provi8k)nal 
patent applicatkm serial no. 60/1 54,047, attorney docket no. 2579129, filed on 
9/16/1999, (13) U.S. provislonai patent application serial no. 60/159,082, attorney 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provlstonal patent applteatkm serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent appli(ation serial no. 60/159,033, attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent applkation serial no. 60/212,359, attorney 
docket no. 25791.38. fiied on 8/19/2000. (17) U.S. provisional patent applteation serial 
no. 60/165,228. attorney docket no. 25791.39, filed on 11/12/19^. (18) U.S. 
provisionai patent application serial no. 60/221.443, attorney docket no. 25791.45. filed 
on 7/28/2000, (19) U.S. provisionai patent application serial no. 60/221 ,645. attorney 
docket no. 25791.46, fildd on 7/28/2000. (20) U.S. provlstonal patent appli(»tton serial 
no. 60/233.638. attorney docket no. 25791 .47. filed on 9/18/2000. (21) U.S. provisionai 
patent applkatton serial no. 60/237.334. attorney docket no. 25791.48. filed on 
10/2/2000. and (22) U.S. provisional patent appHcation serial na 60/262,434. attorney 
docket na 25791.51. filed on 1/17/2001. the disctosures of vifhich are incorporated 
herein by refsience. 

Refisnfng to FIGS. 12. 12a. 12b. 12c and 12d, in an allemative embodiment, an 
apparatus 300 for forming a monoHliameter welbore casing is positioned within the 
wellbore casing 1 15 that is substantially Mentlcai in des^n and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 215. 

In a prefiarTed embodiment, the shoe 305 includes an upper portion 305a. an 
intermediate portion 305b, and a lower portton 305c having a vaiveabla fiukJ passage 
310 that is preferably adapted to receiva a plug, dart or other stanllar element fbr 
controilably sealing the IhM passs^e 310. In this manner, the fluki passage 310 may 
be optimally sealed off by Introducing a pli^, dart and/or baU sealing elements into the 
fluki passage 310. 

The upper and tower portions. 305a and 305c of the shoe 305 are preferably 
substantially tubular, and the intermediate portkm SQSb of the shoe includes 
corrugatkjns 305ba-305bh. Furthermore, In a preferred embodiment, when the 
Intemnediate portion 305b of the shoe 305 is radially expanded by the application of 
fluid pressure to tiie intertor 315 of the shoe 305, the inside and outskie diameters of 
the radially expanded intermediata portion are prsferaWy both greater than the inside 
and outskie diameters of flie upper and k)wer portions. 305a and 305c In this manner. 
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the outer circumference of the intermediata portion 305b of the shea 305 Is preferably 
greater than the cuter dncumferences of the upper and lower portions. 305a and 305c 



In a preferred embodiment, the shoe 305 further Includes one or more through 
and side outlet ports In fluidic communication with the fluid passage 310. In this 
manner, the shoe 305 optimally injects hardenabie fluidic sealing material Into the 
region outside the shoe 305 and tubular member 21 0. 

In an alternative embodiment, the flow passage 31 0 is omitted. 
In a preferred embodiment, as illustrated in FIGS. 12 and 12d, during 
placement of the apparatus 300 within the walibore 1 00. fluidic materials 250 within the 
welftjore that are displaosd by the apparatus are conveyed through the fluid passages 
3t0, 205a, 225a. and 225b. In this manner, surge pressurss created by the placement 
of the apparatus \»iihin the wellbore 100 are reduced. 

In a prefianed embodiment, as illustrated in FIG. 13 and 13a, the fluid passage 
225b is then dosed and a hantenable fluidic sealing material 255 is then pumped from 
a surface location Inta the fluW passages 225a artd 205a. The material 255 the^ 
passes from the fluid passage 205a Into the Intertor region 315 of the shoe 305 te^^ 
the expansion cone 205. The matiMtel 255 then passes fiwrn the Inte^ 
into the fluid passage 310. The material 255 then ealts the apparatus 300 and fills the 
annular region 260 betvreen the exterior of the tubular member 210 and the interior wail 
ofthenewsectionlSOoftheweliborelOO. Continued pumping of the material 255 
causes the material to tin up at least a portion of the annular legion 260. 

The material 255 Is prsferably pumped Into the annular region 260 at pressures 
and flow rates ranging, for example, firom about 0 to 5000 psi and 0 to 1 .500 
gallonsAnln.re8p8cliv8ly. The optimufh flow rate and operating pressures vaiy as a 
function of the casing and wellbore sizes. weBbore section tengft^ 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preterably detennined using oonventionai empirical 
methods. 

The hardenabia fluidic sealing rraiterial 255 may be any number of conventionai 
oommerdally available hardenabie fluidic sealing materials such as. for example, slag 
mte. osmenl, latex or epoxy. in a prefenred embodiment, the hardenabte fluidic sealing 
material 255 Is a blended osmont prepared spedflcaily for the particular w®ll section 
being drilled from Halliburion Energy Servioas In Dallas. TX In order to provide optimal 
support for tobular member 210 while also mainteining optimum flow characteristics so 
as to minimize difliculties during the displacement of cement In the annular region 280. 
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The optimum blend of the blended cement is prefsrably determined using conventional 
emplriral methods. In several alternative embodiments, the hardenable fluidic sealing 
matsrtal 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufficient 
quantities to ensure that, upon radial expansbn of the tubular member 210. the annular 
region 260 of the nevsr section 130 of the vvelibore 100 will be filled wUh the material 
256. 

In an alternativB embodiment, the Injedtioh of the rnaterial 255 into the annular 
region 260 omitted. 

As Illustrated In FIGS. 14 and 14a. once the annular region 260 has been 
adequately filled with the material 255, a plug 265. or other similar device, is introduced 
Into the fluid passage 310, thereby fluldidy isolating the interior region 315 from the 
annular region 260. In a prefened embodiment, a non-hardenable fluidic material 270 
is then pumped Into the interior r^lon 315 causing the interior region to pressurize. In 
this manner, the interior region 315 will not contain signlfirant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Alternative, the matsrial 255 may be used during this phas^ 

As illustrated in FIG. 15. In a prefbrred embodiment, tllw continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the comigations 305ba- 
305bhoftheintenn6diateportion305borthe8hoe305. In a prefened embodiment, 
the outside dlam^ of the unfolded intennediate portion 305b of the shoe 305 Is 
greater than the outside dtameter of the upper and lower portions. 305a and 305b. of 
the shoe. In a prelisned embodiment, the inside and outside diameters of the unfolded 
intermadtete portion 305b of the shoe 305 are greater than the-inside and outside 
diantaters, respetiiveiy. of the uppw and lower porttons, 305a and 305b, of the shoe. 
In a prefoned embodiment, the inside diameter of the unfolded intennedlate portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of the 
preeidsting casing 305 in order to optimize the fonnatipn of a mono-diameter wellboie 
casing. 

As illustrated in FIG. 16, in a preferred embcdinrtsnt. the expansfon cone 205 is 
then lowered into the unfolded Intermediate portion 305b of the shoe 305. In a 
prefened embodimsnt, the expansion cone 205 is lovs>ered Into the unfolded 
intennedlate portion 30^) of the shoe 305 until the bottom of the expansion cone Is 
prorfrraite the lower portion 305c of the shoe 305. In a preferred embodiment, during 
the lowering of the expansion cone 205 Into the unfolded Intermediate portion 30Sb of 
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the shos 305. the material 255 within the annular region 260 maintains the shoe 305 in 
a sut>stantially stationary position. 

As illustrated In FIG. 1 7. in a prefisned embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a preferred embodiment, the outside 
diameter of the eKpansion cone 205 is Increased as disclosed in U.S. patent nos. 
5,348.095. and/or 6.01 2.523, the disclosures of which are Incorporate herein by 
reference. In a prefened embodiment, the outside diameter of the radially expanded 
eapansion oorte 205 is substantially equal to the iiiside diameter of the preexisting 
wellbors(»sing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of me shoe 305 may be radially expanded by the radial 
wtpansion of the expansion cone 205. 

In another alt»nr»atlve ertibodirnent, ttie expansion cone 205 is not it^ 
expanded. 

As illustrated in FIG. 18, in a prefisrred embodiment, a fluidic material 275 is 
then injectod into the region 315 through the fluid passages 225a and 205a. In a 
prefisned embodimant, onoe the interior region 315 becomes sufRcientiy pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 
ptesHcally deformed, radlany expanded, and extruded olf of the expansion cone 205. 
Furthermore. In a prefarired embodiment, during the isnd of the radial e)$)ansion 

process, the upper portion 210d off the tutHilar member and the lOMw portion of th^ 
preexisting casir^ 11 5 that overlap wtth one another are simultaneously plastically 
deformed and radially expanded. In this manner, a riKNKKilamalerweilbore casing 
may be formed that indudas the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 nwy be raised out of the 
expanded portion of the tubular member 210. In a prefisnrBd embodiment, durir^ the 
extrusion process, tiie expansion cone 205 is raised at approximately the sariie rate as 
the tubular member 210 Is expanded In order to keep the tubular member 210 
stationary relative to the new vtfellbore section 130. In this manner, an oyeriapping Joint 
between the radially expanded tubular member 210 and the lower portion of tiie 
preexisting (^sing 115 may be optimally formed. In an alternative preferred 
embodiment, ttie expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular martosr 21 0 to extnxie off of tf» 
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eicpansion com 205 and into the new wellbore siacUon 130 under the force of gravity 
and the operating pressure of the Interior region 230. 

In a preferred emtjodiment, when the upper end portion 21 Od of the tubular 
member 21 0 and the tower portfon of the preexistJng casing 1 1 5 that overlap with one 
5 another are plastically deformed and radially expanded by the e^cpansion cone 205. the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the r^ion 230 and a upwardly directed asdai forca applied to the 
tubular support member 225. 

The overtapping Joint between the lower portton of the preexisting rasing 1 1 5 
1 0 and the radially expanded tubular member 21 0 preferably provides a gaseous and 
fluidic seal. In a particularly preferr^ embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping joini in an alternative 
enribodirnent. the sealing menrters 245 are omitted. 

In a prefiarred.embodimmt, the operating pressure and flow rate of the fluidic 
1 5 material 275 is oontrollably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular member 
expansion cone 205 (an be minimized. In a preferred embodiment, the operating 
pressure is reduced in a substantially linear feshion from 1 00% to about 10% during 
20 the end of the exbusion process beginning when the expansion cone 205 is vi^in 
about 5 f(S^ from completion of the extrusion prc^^ 

AKemaflvely, or in oomblriation, the wall thickness of the upper end portion 
210d of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastirally defonnlng and radiaiiy expanding the upper end 
25 porUon of the tubular member. In thte manner, shock loading of the apparatus may be 
at least partially minimised. 

Aitematively, or in combination, a shock absort»er is provided In the support 
member 225 in oTder to absorb the stock raused by the sudden release of pressure. 
The 8h(Kdc absorber may comprise, fcjr example, any conventional commercially 
30 availabSe shock absort)er adapted for use in wellbore operations. 

Aitematively, or in combination, an expansion cone catching structure Is 
provided In the upper end portion 21 Od of the tubular nxember 210 In order to catch or 
at least decelerate the expansion cone 205. 

In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 
35 burst, and friction effeds upon the tubular nmember 21 0 during the expansion process. 
These eflidGts wID be depend upon the geometry of the expansfon cone 20S, the 
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material composition of the tubular memlw 210 and e}q)ansion oona 205, the Inner 
diameter of the tubular member 210, the wall thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the )mn thickness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular member 21 0, then the greater the operating pressures required 
to extrude the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 During the extruston process, the expanston cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 ft/sea In a prefenred embodiment, during the extnision proosss, the expansion 
cone 205 is raised out of the expanded portton of the tubular member 210 at rates 
rar^ing from about 0 to 2 fl/sec in order to minimize the time require for the expansion 

1 5 fxwsm while also permitting easy control of the expansion process. 

As illustrated in FIG. 19, once the^extruston process is completed, the 
expansion cone 205 is removed from the wellbore 100. in a preferr^ embodiment, 
either before or after the removal of the expansion oorvs 205, the integrity of the fluldic 
seal of the overiapping jdnt between the upper end portion 210d of the tubular member 

20 210 and the lower end portion 1 15a of the preexisting wellbore casing 1 15 is tested 
i^ing conventional methods. 

In a preferred embodiment, if the fluldic seal of the overiapping joint belvifeen 
the upper end portion 210d of the tubular member 210 and the lower end portkm 1 15a 
of the casing 115 is satisliactory, then any uncured portion of the material 255 within the 

25 expanded tubular member 210 is then removed in a conventional manner such as, 
exampCe, circulating the uncured material out of the interior of the expanded tubular 
member 21 0. The expansion cone 205 is then pulled out of the weilbore section 130 
and a drill bit or mill is used in combination with a oonventicmal drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 

30 embodirtrtent, the material 255 within the annular rsigion 280 is then allowed to fully 
cure. 

As Illustrated in FIG. 20, the bottom portion 30Sc of the shoe 305 may then be 
rsmoved by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended In a conventlc^al manner using a 
35 conventional drilling assembly. In a preferred embodiment, the Inside diameter of the 
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extended portion of the w«llbon8 Is greatsr than the inslda diameter Of tte 
expanded shea 305. 

The mstthoti of FIGS. 12-20 may be repeatedly perfomied in ofder to provide a 
mono-dJamater wellbore casing that Includes overlapping weBbore casings. The 
5 overlapping wsllbore casing preferably include outer annular layers of fluldic seaUng 
iraterlal. Alternatively, the outer annular layers of fluidic sealing material may be 
omitted. Inthisrnanner, arnon6^Jian(iotervi«lltorera»lr^rnaybefomiedvi^^ 
subtemanoan formation that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 12-20 may be used to form a monoKJiamater wsllboie raising, a 

10 pipeline, a structural support, or a tunnel within a subterranean fbrmatlon at any 
orientation from the verticai to the horizontal. 

In a pr^isned embcdiment. the fbmiatipn of a m(«o<liamaler wellbore casing, 
as Hhjstrated In FIGS. 12-20. is further provided as disclosed In one or more of the 
fioilovying: (1) U.S. patent application serial no. OS/454,139, attomey docket no. 

15 25791 .03.02, filed on 12/3^1999. (2) U.S. patent application serial no. 09/510,91 3, 
attorney dockot no. 2S791 .7.02. filed on 2/23/2000. (3) U.S. patent appilcaUon serial 
no. 09/502.350. attorney dockst no. 25791 .8.02. filed on 2/10/2000. (4) U.S. patent 
applcaitlon serial no. 09/440.338. attorn^ docket no. 25791.9.02. fHed on 1 1/15/1999. 
(5) U.S. patent applteatkin serial no. 09/523.460, attorney dockst no. 25791.11.02, filed 

20 on 3/10/2000. (6) U.S. patent application serial no. 09/512395. attorney docket no. 
25791.12.02. fited on 2/24^0, (7) U.S. patent appHcation serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial 
no. 00/588,946. attorney dockst no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
appUcatlon serial no. 09/559.122. attorney docket no. 25791.23.02. fited on 4/26/2000. 

25 (10) PCT patent application serial no. PCTAJS0Q/18635,atlom8y docket ho. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent appllc&itton serial no. 
60/182,671, attorney docket no. 25791.27. filed on 11/1/1999, (12) U.S. provlSk)nal 
patent application serial no. 60/154,047, attorney docket no. 25791.29. filed on 
9/18/1999, (13) U.S. provlstonai patent appiirai&on serial no. 60/159.082, atlpmey 

30 docket no. 25791.34, filed on 10/12/1999. (14) U.S. provistonal patent applicatkm serial 
no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provistonal patent application serial no. 60/159,033, attorney dodtet no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359. attorney 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provistonal patent appliraitton serial 

35 no. 60/165,228. attorney dockst no. 25791.39. filed on 1 1/12/1999. (18) U.S. 

provisionai patent applicatton serial no. 60/221.443. attomey dockst no. 25791.45, filed 
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on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221.645, attorney 
docket no. 2579146. filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791,47. filed on 9/18/2000. (21) U.S. provisional 
patent appliratlon serlal.no. 60/237.334. attorney docket no. 25791 .48, filed on 
5 10/2/2000. and (22) U.S. provisional patent applkstion serial no. 60/262.434. attorney 
docket no. 25791.51. filed on 1/17/2001, the disclosures of which are incorporated 
herein by reference. 

In several alternative embodiments, the apparatus 200 and 300 are used to 
form and/or repair v^llbore casings, pipelines, and/or stoictural supports. 
1 0 In several alternative embodiments, the foWed geometries of the shoes 21 5 and 

305 are provided In accordance with the teachings of U.S. Patent Nos. 5,425,559 
Bnd/ar 5,784.702. the disclosures of which are incorporated herein by refensnoe. 

An apparatus for forming a wellbore rasing in a borehole located in a 
subterranean formatkwi including a preejdsting wellbore casing has been described that 

1 5 includes a support member including a first fluid passs^e, an expansion cone ooupled 
to the support member including a second fiuM passage fluldiciy roupled to the first 
fluM passage, an expandable tubular liner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a preferred 
embodiment, the expanston cone is expandable. In a preferred embodiment, the 

20 e}9eri»j&ble shoe includes a valveabtefluM passage for 0^ 

rraiteriais out of the expandable shoe, in a prefiarred embodiment, the expandable 
shoe Indudes: an expandable portion and a remaining portion, wherein the outer 
circumfisrenoe of the expandabte portton is greater than the outer drcumferenos of the 
remaining portion. In a prefsned embcxiiment, the expandable portion includes: one or 

25 more Inward folds. In a preferred embodiment, the expandable portion Includes: one or 
more CDrrugattons. in a preferred embodiment, the expandable shoe Includes: one or 
more inward fbkJs. In a prefenred embodiment, the expandable shoe Includes: one or 
more corrugations. 

A shoe has also been described that includes an upper annular portK)n. an 

30 interm^iate annular portton, and a tower annular portton. wherein the intermediate 
annular portion has an outer drcunrrference that is larger than the outer circumferences 
of the upper and tower annular portions. In a preferred embodiment, the lower annular 
portion indudes a vatveabte fluid passage for controlling the ftew of fluidic materials out 
of the shoe. In a preferred embodiment, the Intermediate portion Indudes one or more 

35 inward fokls. in a preferred embodiment, the intemrtsdiate portton indudes one or more 
corrugations. 
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A method of forming a wellbona casing in a subterranean formation having a 
preexisting wallbore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by Injecting a fluidic 
material Into the borehole below the expansion cone. In a preferred embodiment, the 
method further includes radially expanding the expansion oone. In a preferred 
embodiment, the nrothod further includes lowering the expansion cone Into the radially 
expanded portfon of the shoe, and radially expanding the expansion cone. In a 
preJiBrred embodiment, the method further Includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fiuldic material into the borehole below 
the mjially expanded expansion cone. In a preferred embodiment, the method further 
includes injectlRg a hardenabie fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferredembodlmwt. the method further includes 
radlaly expanding at least a portion of the preexisting mfban (losing. In a preferred 
embodBment, the method further includes overiapping a portion of the radially 
expanded tubular liner vtMh a portfon of the preexisting weHbore cs»ing. In a preferred 
smbodiment, the inside diameter of the radlaly expanded tubular liner is substantially 
equal to the Inside dianrieter of a rionoverlapping portion of the preexisting w^^ 
casing. In a prefaried embodiment, the nwthod further includes applying w 
to the expansion oone. In a preferred embodiment, the inside diameter of the radlaly 
expanded shoe Is greater than or equal to the Inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a vveilbore casing in a subterranean fbmiation having 
a preexisling vvellbore casing positioned In a borehole has also been described that 
Includes means for Installing a tubular liner, an expansion cone, and a shoe In the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radfeHy expanding at least a portion of the tubular liner. In a preferred embodiment, the 
apparatus further includes means for radially expanding the ©cpanslon cons. In a 
pp^smsd embodiment, the apparatus further includes means for lo«»ering the 
expansion corns Into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a prefened embodiment, the apparatus further 
includes means for injecting a fluidic material into the borehole below the radially 
expanded expansion oone. In a preferred embodiment, the apparatus further Includes 
means for Injecting a hardenabie fluidic sealing material Into an annulus between the 
tubular liner and the borehole. In a prefiarred embodiment, the apparatus further 
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Includes msans for radially expanding at least a portion of the pree^Ostlng wellbore 
rasing. In a pr5ferred embodirnent, the apparatus further indudM 
overiapplng a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore rasing. Iln a f^fened embodiment, the inside diameter of the 
5 radially expanded tubular liner is substantially equal to the Inside diameter of a 

nonoverlapping portion of the preexisting welibore rasing. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to th© expansion cone. 
In a preferred embodiment, th® inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparatus for forming a wellbore rasing v^ithln a subten^nean fonroitlon 

including a preexisting wellbore rasing positioned In a borehole has also been 
described that includes a tubular liner and means for radially exj3andlng and anjpling 
the tubular liner to an overlapping portion of the preexisting vwellborts rasing. The 
Inside diameter of the radially expanded tubular liner is substantially equal to the Inside 

1 5 diameter <rf a non-overtapplng portion of the preexisting weilbore rasing. 

A vifallbore raslr^ poslUoned In a borehole v^in a subtenranean fosrmation has 
also been described that includes a first wellbore casing and a second ^Uboie rasing 
coupled to and overiapping with the first \jvellbore casing, wherein the second wellbofB 
casing is coupled to the first weilbore rasing by the process o^ installing the second 

20 wellbore rasing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by Injecting a flukJic matortal Into the shoe, and radially 
expanding at least a portion of the second weilbore casing by injecting a fluidic material 
Into the borehole below the expansion cone. In a preferred embodirroent. the ^Hooess 
for fomnlng the welibore rasing further inchides radially expanding the expansion cone. 

25 In a preferred mibodimsnt, the process for formlr^ the welRxrre rasing further Includes 
lowering the expansion cone into the radlaly expanded portion of the shioe, and radially 
expanding the expansion cone. In a preferrAl embodirr^nt, the prooass for forming the 
welibore rasing further Includes ladlatty expanding at least a portion df the shoe and 
the second welibore casing by Injecting a fluidic material Into the bomhoie below the 

30 radially expanded expansion cone, in a prefemKl embodiment, the prooass for forming 
the welibore casing further includes injecting a hardenable fluidic sealing material Into 
an annulus between the second welibore casing and the borehole, in a preferred 
embodiment, the prooass for fonning the welibore rasing further includes radially 
expanding at least a portion of the first welibore rasing. In a preferred embodiment, 

35 the process for fonning the welibore rasing further indudes overlapping a portion of the 
(radially expanded second welibore casing with a portion of the first welibore casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the inside diameter of a nonoverlapping portion of the 
firet wsllbore raising. In a preferred embodiment, the process for forming the vvallbore 
CMlng further includes applying an axial fbros to the expansion cone. In a preferred 
ombcdiment. the inside diameter of the radially expanded shoe is greater than or 'equal 
to the inside diameter of the radially expanded second wellbore casing. 

A method of forming a tubular structure in a subterranean formation having a 
preexisURg tubular nramber positioned In a borehole has also been described that 
includes installing a tubular Hner, an expansion cone, and a shoe in the borehole, 
rwilally expanding at least a portion of the shoe by injecHng a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by Injecting a fluidic 
material into the borehole belovy the expansion cone. In a prefened embcdimenl. the 
method further includes ladialiy expanding the expansion cone. In a preferred 
wnbodlment, the method further includes towering the expansion cone Intathe radialiy 
expanded portion of the shoe, and radially expanding the expansion cone. Ina 
prefarred embodiment, the method further Includes radially expanding at least a portion 
of the shoe and the tubular liner l»y Iryectlng a fluidic material into the borehole below 
the radialiy expanded expanston oona. In a piefened embodimsnt. the method further 
Includes injecting a hardenable fluidic sealing material Into an annulus beb»een the 
tubular liner and the borehole. In a prefisned embddlmsnt. the method further includes 
radially expanding at least a portion of the preexisting tubular mambw^ In a preferred 
embodiment, the method further Includes overiapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
embodiment, the inside diameter of the radially expanded tubuto liner is substantially 
equal to the Inside diameter of a nonoveriapping portion of the preexisting tubular 
member. In a prefemsd embodiment the method further includes applying an axial 
fbfos to the expansion cone. In a preferred embodiment, the inside diameter of the 
radially expanded shoe Is greater than or equal to the inside diameter of the redely 
expanded tubular liner. 

An apparatus forfbmjing a tubular structure In a subtenanean formation having 

a preexisting tubular member poettlonsd in a borehole has also been described that 
Includes means tot InsteUing a tubular Oner, an expansion cone, and a she® in the 
borehole, means for radially expanding at teast a portion of the shoe, and means for 
radially expanding at toast a portion of the tubular Bner. in a prafernsd embodiment, the 
apparatus further includes means for radially expanding the expansion cone. In a 
pnsifianed embodiment, the apparatus further includes means for loi»ering the 
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dKpansion oone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a pnsfenred embodiment, the apparatus further 
includes means for injecting a fluidic material Into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus further includes 

S means for irtjeciing a hardenable fluidic sealing material into an annulus betojveen the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
includes means for radially expanding at least a portion of the preexisting tubular 
'msrr^. In a preferred embodinrient, the apparatus further iridudes nr^ra 
overlapping a portion of the radially expanded tubular liner vuith a portion of the 

10 preexisting tubular member. In a preferred embodiment, the inside diarneter of the 
radially expanded tubular liner is substantiallly equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular rmmber. In a prefened embodiment, 
the apparatus further includes means fof applying an axial force to the expansion cone. 
On a preferred embodiment, the inside diameter of the radially expanded shoe is greater 

1 5 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for forming a tubular structure ^thin a subterranean formation 
including a preexisting tubular member positioned in a borehole has also been 
describe that includes a tubutar liner and means for radially expar^jing and coupling 
the tubular liner to an overtappir^ portion of the preexisting tubular member. The 

20 inside diameter of the radially expanded tubular liner Is substantiaily equal to the inside 
diameter of a non-overlapping portion of the preexisting tubular merrAier. 

A tubular structure positioned In a borehole vtfitHn a subterranean fbrrr^on has 
also been described that Includes a first tubular member and a second tubular member 
coupled to isfid overiapplr^ the fbst tubular memt^r, wherein the second tubular 

25 mennber is coupled to the first tubular member by the process of: Installing the second 
tubular member, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by Injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second tubular nrtember by injecting a fluidic material 
into the borehole bebw the expansion cone. Dn a preferred embodiment, the process 

30 for forming tte tubular stmcture further includes radially expanding the expansion cone. 
In a preferred embodiment, the process for forming the tubular structure further 
includes lowering the expansion cone Into the radially expanded portion of the shoe, 
and radially expanding the expansion oone. In a preferred embodiment, the process 
for forming the tubular structure further includes radially expanding at least a portion of 

35 the shoe ami the second tubular rrtember by inJecSng a flu'cdic material into the 

borehole below the radially expanded expanston cone. In a preferred (Embodiment, the 
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prooBss for forming the tubular structure further includes injecting a hardenable fluldic 
sealing material Into an annulus between the second tubular ntember and the boretele. 
On a prefisned embodiment, the process for forming the tubular structure further 
indudes radially expanding at least a portion of the first tubular member, in a preferred 

5 embodiment, the process for fonning the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member, in a preferred embodiment, the inside diameter of the radially 
expanded second tubufer member is substantiaiiy equal to the inside diameter of a 
nonoveriapping portion of the first tubular member. In a preferred embodiment, the 

10 process for fonning the tubular stru(^re further includes applying an axial foros to the 
expansion cone. In a prefidrred embodinrtent. the inside diameter of the radially 
expanded shoe is greater than or ^ual to the inside diameter of the radially expanded 
second tubular memb^. 

Although illustrative embodiments of the invention have been shown and 

IS described, a wkJe range of modification, changes and substitution is oontemptated in 
the foregoing disdosurs. In some Instances, some features of the present invention 
may be employed wittout a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
wKh the scope of the invention. 
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1 . A tubular structure positbnod in a borahots within a siAterranean fbnnation, 
oomprising: 

5 a first tubuiar member; and 

a aeoond tubular mambar oouplad to and ovariapping with the first tubular 
member. 

ii^min the second tubular nrtember is coupled to the first tubular mambar by 
the process of: 

10 ir^tallir^ the second tubular member, an expansion cone, and a shea that 

defines an interior regton for cc^taining fiuidic materials in the borahole; 

radiaiiy estpanding at least a portion of the shoe by irijecting a fiuidic material 
into the interior region of the shoe; and 

rad^liy e):panding at least a portion of the second tubular member by injecting 
15 a fiuidic material into the borehole below the escpansion cone. 

2. The tubular structure of daim 1 , wherein the proosss further comprises: 

radially expanding the e;tpanslon cone. 

20 3. The tubular struc^re of daim 1 , wherein the prooass further comprises: 

lowering the ^^anslon cone into the radially expanded portion of the shoe; and 
radially expanding the escpansion cone. 

4. The tubular structure of daim 3. wherein the prooass further comprises: 

25 radlaUy expanding at least a portion of the shoe and the second tubular member 

by injecting a fiuidic material into the borehole below the radially expanded expansion 
cone. 

5. The tubular sbructure of daim 1 , wherein the process further comprises: 

30 inJecUr^ a hardenable fiuidic sealing material into an annulus betoeen the 

second tubular member and the borehole. 

6. The tubular structure of daim 1 , wherein the process further comprises: 
radially expanding at least a portion of the first tubuOar member. 

35 

7. The tubular structure of daim 6, wherein the process further comprises: 
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overlapping a portion of the radially mpanded second tubular member with a 
portion of the first tubular memt)er. 

8. The tubular structure of claim 7, wherein the inside diameter of the radially 
expanded second tubular menr4)er is substantially equal to the inside diameter of a 
nonovertapping portion of the first tubular member. 

9. The tubular structure of daim 6, wherein the process further comprises: 
applying an axial force to the expansbn cone. 

10. The tubular structure of daim 1 , wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 
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Claims 

1 . An apparatus for fonning a weilbons rasing in a borehole located in a 
subterranean formation including a pree^dsting wellbora casing, comprising: 

5 a support member including a first fluid passage; 

an estpanslon oorie coupled to the support member including a second M6 

passage fluididy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1 , wherein the expansion cone is expandable. 

3. The apparatus of claim 1 , wherein the expandable shoe indudes a valveable fluid 
passage for controlling the flow of fluidic materials out of the expandable shoe. 

15 

4. The apparatus of daim 1 , wherain the expandable shoe indudes: 
an expandable portion; and 

a remaining portiori coupled to the expandable portion; 
t^^reln the outer drcumference of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of daim 4, wherain the expandable portion Indudes: 
one or mora inward folds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or mora corrugations. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or mora inward folds. 

30 

8. The apparatus of daim 1 , wherain the expandable shoe indudes: 
one or rwm corrugations. 
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A shoe« comprising: 

an upper annular portion; 

an intemnediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an outer drcumferenoe that is 

larger than the outer circumferenoes of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9, wtierein the lower annular portion indudes a valveat>le fluid 
passage for controlling the flow of fluidic materials out of the shoe* 

1 1 . The shoe of daim 9, wherein the intermediate portion indudes: 
10 one or nrK>re inward folds. 

12. The shoe of daim 9, wherein the intermediate portion includes: 
one or more corrugations. 

15 13. AnriethadoffbrmingaweliborBcasinginasubterranranforniati^ 
preexisting weitborei casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubulaMiner by Injecting a fluidic 

material into the borehole below the expansion cone. 

14. Themethodof daim 13, further comprising: 
radially expanding the expansion cone. 

25 

15. The metiiod of daim 1 3, fiirttier comprising: 

lowering the expansion cone into the radially expanded portton of the shoe; and 
radiaily expanding the expansion cone. 

30 16. The method of daim 15, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 



35 17. 



The method of claim 1 3, further comprising: 



33 

injecting a hardenable fluidic saaKng material into an annulus between the 
tubular liner and the bor^le. 

18. The method d dalm 1 3, further compreir^: 

5 radially expanding at least a portion of the preexisting wellbore casing. 

19. The method of daim 1 8, further comprising: 

overlapping a portion of the radially e}cpanded tubular liner with a portion of the 
preexisting weHbore rasing. 

10 

20. The method of daim 1 9, wherein the inside diameter of the radially expanded 
tubular liner Is substantially equal to or greater than the inside diameter of a 
nonoverteipping portion of the preexisting wellbore casing. 

15 21. The method of dalm 18, further comprteing: 
applying an axial force to the expansion cone. 

22. The rrtelhod of daim 13, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the Inside diameter of the radially 

20 expanded tubular Ifafier. 

23. An apparatus for farming a wellbora casing In a subterranean formation having a 
preexisting wellbore casing positioned in a borehde, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 boiehole; 

means for radially e^tpanding at least a portton of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material into the borehole below the expanston cone. 

30 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 
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The apparatus of dalm 23, further comprising: 

means for lowering the expansion cone into the radially e^tpanded portion of the 
shoe; and 
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means for radially expanding the expansion oone. 



26. The apparatus of daim 25, further comprising: 

means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 

27. The apparatus of daim 23, further comprising: 

nneans for injecting a hardenable fluidic sealing material Into an annulus 
bebftmn the tubular liner antf the borehole. 

28. The apparatus of daim 23. further comprislrig: 

means for radially expanding at least a portton of the prsoxisting wellbore 
rasing. 

29. The apparatus of daim 28, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting wellbore casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoverlapplhg portion of 
the preexisting wellbore casing. 

31 . The apparatus of daim 28, further comprising: 
means for applying an axial force to the expansion cone. 

32. The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substantiaily equal to the inside diameter of the radially 
expanded tubular liner. 

33. An apparatus for fbnming a wellbore casing within a subterrarvsan forrr^tion 
induding a preexisting weUbons casing positioned in a borehole, oomprising: 

a tubular liner, and 

means for radially expanding and coupling the tubular liner to an overlapping 
portion of the preexisting wellbore casing; 
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wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside dlanneter of a non-overlapping portion of 
the preexisting wellbore casing. 

5 34. A wellbore casing positioned In a borehole within a subterranean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process ct 

Installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluldic 
15 material into the shoe; and 

radially expanding at least a portion of the seoond wellbore casing by 

Injecting a fluidic material Into the borehole below the expansion 

cone. 

20 35. The wellbore casing of dalm 34. wherein the process further comprises: 
radially expanding the expanston cone. 

36. The welibors casing of dalm 34. wherein the process further comprises: 
lowering the expansion oone Into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The wellbore casing of dalm 36. wherein the process further comprises: 
radially expanding at least a portion of the shoe arni the second welibors casing 

by injecting a fluidic material Into the borehole below the radially 
30 expanded expansion oone. 

38. The wellbore casing of claim 34, wherein the process further comprises: 
injecting a hardenaUe fluidic sealing material Into an annulus between the 

second wellbore casing and the borehole. 

35 

39. The wellbore casing of dalm 34. wherein the process further comprises: 



36 



radially expanding at least a portion of the first welibore casing. 

40. The wellbore casing of daim 39, wherein the process furtlter comprises: 

overlapping a portion of the radialiy estpanded second wallbons casing with a 
5 portion of the first wellbore casing. 

41 . The wellbore casir^ of daim 40, wherein the Inside dimeter of the radially 
e}q>anded second wellbore casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first weilboTB rasing. 

10 

42. The wellbore rasing of daim 39, wherein the process further comprises: 
applying an asdal forra to the expansion cone. 

43. The wellbore casing of daim 34, wherein the Inside dianMter 

1 5 expanded shoe 1$ greater than or substantially equal to the inside diameter of the 
radially expanded second wetlbore casing. 

44. A method of forming a tubular structure in a sid>terranean fbnmation having a 
preexisting tubular member positioned in a borehole, comprisbfig: 

20 installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by Injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injectirtg a fluidic 
material into the borehole below the expansion cone. 

25 

45. The method of daim 44. further comprising: 
radially expanding the expansbn cone. 

46. The method of daim 44, further (X)mpr1sing: 

30 lowering the expansion cone into the reidially expanded portion of the shoe; and 

radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the borehole below the radially expanded 

expansion cone. 



37 



The method of daim 44. further comprising: 

injecting b hardenable fluidic sealing material into an annulus between the 
tubular liner and the bortehole. 

The method of daim 44, further comprising: 
radially expanding at least a portion of the preexisting tubular member. 

The method of daim 49, further comprising: 
overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular ntemtbGr to provide a load bearing interface and a 
fluidic seal. 

51 . The method of daim 50, wherein the inside diameter of the radially expanded 

1 5 tubular liner is substantially equal to the inside dianrteter of a nonoveriapping portion of 
the preexisting tubular member. 

52. The method of daim 49, further comprising: 
applying an axial fbroa to the expansion cone. 

20 

53. The m^od of daim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for fomiing a tubular stmcture In a subterranean ffomnation having a 
preexisting tubular nrisrnber positioned iri a borehola, oornprisir^^^ 

means for Instailir^ a tubular liner, an expansion cone, and a shoe in the 

borehole; 

ntsans for radiaity expanding at least a portlbn of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 
means fbr radially expanding the expansion cone. 



48. 

5 

49. 



50. 

10 



35 58. The apparatus of daim 54. further comprising: 
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means for lowering the expansion oone into the radially expanded portion of the 
shoe; end 

means for radially expanding the expansion oone. 

5 57. The apparati^ of daim 58. further comprising: 

means for injecting a fluidic material into the borehole below the radially 
expanded expansiori cone. 

The apparatus of daim 54, further comprising: 
means for injeding a hardenable fluidic seaiir^ material into an annulus 
between the tubular liner and the borehole. 

1\VB apparatus of daim 54, further comprising: 
means for radially expanding at least a portion of the preexisting tubular 
mOTit)er. 

The apparatus of daim 58, further comprising: 
means for overiappir^ a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluidic seal. 

81 . The apparatus of daim 60, wherein the inside diameter of the radlalty expanded 
tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexistir^ tubular member. 

25 

62. The apparatus of daim 59. further comprising: 

means for applying an axial force to the expansion oone. 

63. The apparatus of daim 54, wherein the inside diameter of the radially expanded 
30 shoe is greater than or substantially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for fomnlng a tubular structure within a subterranean fonnation 
Induding a preexisting tubiular member positioned in a borehole, comprising: 

35 a tubular linen and 



58. 

10 



59. 

15 



60. 

20 
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means for radially expanding and ooupling the tubular liner to an overtapping 

portion of the pree)dsting tubular memben 
wherein the inside dianieter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 
5 the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean formation, 
comprising: 

a first tubular member, and 
10 a second tubular member coupled to and overlapping with the first tubular 

member; 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

Installing the second tubular member, an expansion cone, and a shoe in 
IS the borehole; 

radially expanding at least a portion of the shoe by injecting a fluldic 

material into the shoe; and 
radially expandlr^ at least a portion of the second tubular member by 
injecting a fluidic material into the borehole below the expansion 
20 cone. 

66. The tubular structure of dalm 65, wherein the process further comprises: 

radially expanding the expansion cone. 

25 67. The tubular structure of dalm 65, whersin the process further comprise 

lowering the expanston cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular strudure of daim 87, wherein the process further comprises: 
30 radlalDy e^^nding at bast a portion of the shoe and the second tubular member 

by injecting a fluidic material Into the borehole below the radially 
expanded expar)sion cone. 
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69. 



The tubular structurs of daim 65, wherein tiie process further comprises: 
injecting a hardenable fluidic sealiifig material into an annulus between the 
second tutnjiar nrteirtbisr and the borehole. 
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70. The tubular structure of daim 65, wherein the process further comprises: 
radially e)q3arKling at least a portion of the first tubular member. 

5 71 . The tubular structure of dalm 70, wherein the pmcess further comprises: 

overlapping a portion of the rgsdially expanded second tubular member with a 
portion of the first tubular member. 

72. The tubular stnidure of dalm 71 , wherein thd inside diameter of the radially 
10 expanded second tubular member is substantially equal to the inside diameter of a 

nonoverlapping portion of the first tubular member. 

73. The tubular structure of dalm 70. wherein the process further cornprfses: 

applying an a)dal force to the expansion cone. 

15 

74. The tubular structure of daim 65, wherein the Inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for forming a wellbore casing in a borehole located In a 
subtenranean formation tnduding a preexisting wellbora casing, comprisir^: 
a support member induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluididy coupled to the first fluid passage; 
25 an expandable tubular liner movably coupled to the expansion cone; and 

an expandable shoe coupled to the expandable tubular liner comprising: 

a valveable fluid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or nnone Inward folds; and 
30 a remaining portion coupled to tha expandable portion; 

wherein the outer drcumference of the expandable person Is greater 
than the outer drcumferenoa of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; . 
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an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portion raupled to the intermediate portion including a 

valveable fluid passage for controlling the flot»f of flukJic materials out of 
5 the shoe; 

wherein the intemntediate annular portion has an outer drcunnferance that is 
larger than the outer drcumfen^nces of the upper and lower annular 
portions. 

77. A method of fbnmiing a wellbore (^Ing in a subtenrar^n formation having a 
preesdsUng wellbore casing positioned in a boretole, comprising: 

instaliing 8 tubular liner, an e}(panslon cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone Into the radially eicpanded portion of the shoe; 
radially eKpanding ttie expansion cone; 

radially expsmiing at least a portion of the tubular liner by Injecting a fluidic 

material into the borehole below the expansion cone; sind 
overtapping a portion of the radially expanded tubular Rner a portion of the 

preexistlnig wellbore rasing; 
wherein the inside diameter of this radially expanded shoe is greater than or 
substantially equal to the Inside diameter of the radially expanded 
tubular Oner, and 
wherein the insbSe diameter of the radially expanded tubular liner is 
substantially equal to or greater than the Inside dtemeter of a nonovertapping 
portion of the preexisting wellbore nsing. 

78. An apparatus for forming a wellbore casing in a subterranean formation having a 
preexisting welibone ^sing positioned in a boretole, comprising: 

30 means for installing a tubular liner, an expansion cone, and a shoe in the 

boinehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

rhaterial into the shoe; 
means for iowerir^ the expansion cone into the radially expanded portion of the 
35 shoe; 

means ftxr radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fluidic material Into the borehole below the radially expanded expansion 
oone; 

means for radially expanding at least a portion of the preexisting wellbore 
casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portton of the preexisting welibore casing; 
wherein the Inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radteliy expanded 

tubular liner; and 
wherein the ir^ide diameter of the radially e)q>anded tubular liner is 

substantialiy equal to the inside diameter of a nonoverlapping portion of 

the pireexieting vi^libore casing. 

79. A wellbore casing positioned in a borehole within a subtenanean fonration, 
comprising: 

a first wellbore casing; and 

a seoond wellbore casing coupled to and overiapping with the first wellbore 
casing: 

wherein the second wellbore casing is coupled to the first wellto^ 
the process of : 

installing the seoond wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radoally expanding at least a portion of the shoe by injecting e fluidic 

material into the shoe; 
lowering the expansion corie into the radially expanded portion of the 

shoe; 

radially expanding the expansion oone; 

radially expanding at least a portion of the seoond wellbore casing by 
injeofirig a fiuidic rnaterial Into the borehole below the radially 
expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore casing; 
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wherain the inside diameter of the radially expanded ehoa is greater 
than or substantially ^ual to the inside diameter of the radially 
expanded second wellbora c^tr^; and 

wherein the inside diameter of the radially expanded second v^llbore 
5 casing is substantially equal to the inside dianr^ter of a 

nonoverlapping portion of the first vvellbore casing. 

80. A method of forming a tubular structure in a subterranean fonmation having a 
preexisting tubular member position^ in a boreholG. ccmprising: 

10 installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fiuidic nriaterial 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expanskm cone; 
15 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the radially expanded expansion cone; 

and 

ovef1a|^;)ing a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interlaoe and a 
20 fluidic seal; 

wherein the inside dlam^r of the radially expanded shoe Is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to the Inside diameter of a nonoverlapping portion of 

the preexisting tubular mernber. 

81 . An apparatus for fomning a tubular structure in a subterranean formation having a 
preexisting tubular rwsmniber positioned in a boretioia, oomprtelrDg: 

30 means for installing a tubular liner, an expansion cone, and a shoe In the 

borehole; 

means for radially expanding at least a portion of the shoe; 
means for lowering the expansion cone into tfie radially expanded portion of the 
shoe; 

35 means for radially expanding the expansion cone; 

means for radially expanding at least a portion of the tubular liner; and 
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means for overlapping a portion of the radially expanded tubular liner with a 

portion of the pree}dsting tubular member to provide a load bearing 

interface and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 
5 substantially equal to the inside diameter of the radially expanded 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantiaiiy equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

10 

82. A tubular structure positioned in a borehole within a subtenranean fbnmaUon. 
Gomprisir^: 

a first tubular member, and 

a second tubular member coupled to and overlapping with the first tubular 
15 member, 

wherein the second tubular member is coupled to the first tubular member by 
the prooaes of : 

installing the second tubular member, an expansion oone, and a shoe in 
the borehole; 

20 radially expanding at least a portbn of the shoe by injecting a fluidic 

material into the shoe; 
lowering tiie expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into the borehole below the radially 
expanded expansion cone; and 
overtapping a portion of the radially expanded second tubular member 
with a portion of ttie first tubular member, 
30 wherein the inside diameter of the radially expanded shoe is greater 

than or substantially equal to the Inside diameter of the radially 
expand^ second tubular mernber, and 
wherein flie inside diameter of the radially expanded second tubular 
member is substantially equal to ttie Inside diameter of a 
35 nonoveriapplng portion of the first tubular member. 
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